Soy hull is an agricultural by-product, and has been almost always recycled as an animal fodder for many years. Therefore, a new effective function has been studied for an industrial material. For example, the authors have investigated the soy-hull carbon (SHC) particles as a functional filler for rubbers and plastics. The SHC particle is manufactured by carbonizing the dehydrated soy hull in nitrogen gas atmosphere at high temperature. The SHC particle, consequently the porous carbon particle in which the natural porous structure retains. In this study, the characteristic of the electromagnetic shielding was investigated for the SHC/EPDM composite, which was prepared by kneading the SHC particle with the ethylene propylene diene methylene (EPDM) rubber. The degree of the electromagnetic shielding (SE) of this composite with SHC particle of 400 mass% was found to show a relatively-high value in the frequency region from 50 (SE:40dB) to 150 (SE:30dB). The degree of the absorption (RD) for electromagnetic wave was furthermore, depended on the amount of the SHC particle content, and was shown the high value (RD:-18dB) under the high frequency of 6.5 GHz.
Soy hull is an agricultural by-product, and has been almost always recycled as an animal fodder for many years. Therefore, a new effective function has been studied for an industrial material. For example, the authors have investigated the soy-hull carbon (SHC) particles as a functional filler for rubbers and plastics. The SHC particle is manufactured by carbonizing the dehydrated soy hull in nitrogen gas atmosphere at high temperature. The SHC particle, consequently the porous carbon particle in which the natural porous structure retains. In this study, the characteristic of the electromagnetic shielding was investigated for the SHC/EPDM composite, which was prepared by kneading the SHC particle with the ethylene propylene diene methylene (EPDM) rubber. The degree of the electromagnetic shielding (SE) of this composite with SHC particle of 400 mass% was found to show a relatively-high value in the frequency region from 50 (SE:40dB) to 150 (SE:30dB). The degree of the absorption (RD) for electromagnetic wave was furthermore, depended on the amount of the SHC particle content, and was shown the high value (RD:-18dB) under the high frequency of 6.5 GHz.
INTRODUCTION
Soy hull is an agricultural by-product which is produced during the manufacturing process of the cooking oil. The most of the soy hull is recycled as an animal fodder and so on. Therefore, the soy hull has been attempted to use effectively as a function added industrial material. For example, the present authors have investigated the porous carbon material that was made from the soy hull [1] . The soy-hull carbon (SHC) particle is manufactured by carbonizing the dehydrated soy hull in nitrogen gas atmosphere at high temperature.
Some new porous carbon materials have been developed utilizing the natural porous structures of some plant matters, for example, the wood [2] , the bamboo [3] , the rice blan [4] , the rice hull [5] , and so on. Especially, the woodceramics [2] is a pioneer work to use the natural plants for the industrial functional materials, as a view point of the recycling. The production technology of the woodceramics has been applied to the bamboo, rice bran, rice hull and so on. The porous carbon materials are expected as sliding materials and electric devices, because the materials retain many beneficial properties of the carbon. The electromagnetic shielding property was reported for the woodceramics [6] , bincho-charcoal [7] and so on.
In this study, the characteristics of the conductivity and the electromagnetic shielding of the SHC particle was investigated for the SHC rubber composite material, which was prepared by kneading the SHC particle with ethylene propylene diene methylene linkage (EPDM).
2. EXPERIMENTAL PROCEDURE 2.1 Soy hull Fig.1(a) shows the cross section of the raw soy hull. The outer and inner surface layers are connected with a tubular structure (about 30μm thickness). The tubular structure is a unique porous structure, and is different from the other porous structures of the natural plants. Fig.1(b) shows the macrostructure of the inner surface layer of the soy hull, which has a hydrophilic areolas structure. Fig.1 (c) shows the macrostructure of the outer surface layer. The outer surface layer is hard with the hydrophobic property for protecting the seed from external charge. Fig.2 shows the manufacturing process of the SHC particle and the rubber composite material. At first, the soy hull is drying and then carbonizing in the nitrogen gas atmosphere at 900 °C. The carbonized soy hull was pulverized by a mill to obtain the SHC particle. The SHC particle was sieved using 106 µm meshed filter to obtain the powder with 60 µm median diameter. In addition, the SHC powder of 2 µm median diameter was obtained by milling the SHC particle for 10 hrs by a vibrating mill. The EPDM was used as the matrix of the rubber composite material. The EPDM is widely used as the industrial materials for its low cost and high weather resistance. Fig.3 (a) shows the components of the raw soy hull. The soy hull contains about 2 mass% of inorganic constituent, about 48 mass% of organic constituent and the others are water and oil. Fig.3(b) shows the components of the SHC particle. The percentage of the inorganic constituent is about 2 mass%. The content of the organic constituent is about 87 mass% and the others are about 12 mass%. During the carbonization process, many parts of the others were evaporated. The SHC/EPDM composite material was prepared by mixing the SHC particle, the EPDM and some additives in a roll kneading machine. The amount of the SHC particle was increased every 100 mass% from 100 mass% to 400 mass%. After kneading, the material was vulcanized, and then molded at 170±5 °C in vacuum of -80 kPa. The width (w), depth (d), and thickness (t) of the SHC/EPDM for measuring the volume resistivity and electromagnetic shielding degree were 150, 150, and 2.5mm respectively. In present research, the values of w, d of test piece with the values for t of 0.5, 1, 1.5, 2 and 5mm for measuring the electromagnetic absorption degree were each value of 300 mm. Fig.4 shows the measuring sites for the volume resistivity. The volume resistivity was measured referring to the Japanese Industrial Standards of JIS-K7194 with nine measuring sites. Fig.5 shows the schematic illustration of the electromagnetic shielding tests. The test was carried out using the Advantest-method with a spectrum analyzer. The surface of the test piece was arrayed with vertical incident wave angle. This test evaluated electric field using dipole antenna. The degree of the electromagnetic shielding (SE) was evaluated as the power loss between the incident wave and the transmitted wave. The SE was measured using the following formula (1). SE = -10 log
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where Pt is the power of transmitted wave (W), Pi is the power of incident wave (W). The measuring frequency range was from 1 to 500 MHz. Fig.6 shows the schematic illustration of electromagnetic absorption test. The measurements were carried out with the Arch-test method. An incident wave reflects completely with the metal plate. The degree of the electromagnetic absorption ( r e fl e c t i v i t y ) w a s e va l u a t e d a s t h e p o we r l o s s Fig.3 Components of raw soy hull and SHC particle 
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Electromagnetic Shielding in Rubber Composite Materials with Soy Hull Carbon Particles between the incident wave and the reflected wave. The reflectivity was measured using the following formula (2).
R = 10 log
where R is the reflectivity, Pr is the power of reflected wave (W), Pi is the incident wave (W). The measuring frequency range was from 2 to 8 GHz.
3. EXPERIMENTAL RESULTS AND DISCUSSION 3.1 Volume resistivity Fig.7 shows the resistivityρ of SHC/EPDM on the measuring site such as shown in Fig.4 . In this figure, the open diamonds, closes, open squares, open triangles, and open circles are the measured results ofρ for the amount of SHC particle with 0, 100, 200, 300, and 400 mass%, respectively. The resistivity depends on the content of the SHC particle. All the volume resistances are almost even at the nine measuring sites. The SHC particle was considered to be uniformly dispersed. , and 60 µm, respectively. It is found that the resistivity gradually decreases with increasing the content of the SHC particles. The percolation phenomenon, in which the value of ρ suddenly decreases with increasing the particle content. The percolation phenomenon is an unfavorable property for the manufacturing of the conductive composite materials. The ordinary fillers, such as Carbonblack (GPF-HS) induce the percolation phenomenon. By contrast, percolation phenomenon the SHC/EPDM does not occur as shown in Fig.8 .
Moreover, the resistivity (ρ) is higher in the test piece with the small particles than that with the large particles. It is hard to make a conductive path in the composites with decreasing the particle diameter. These result shows that the value of ρ can be controlled by adjusting the additive rate and the particle diameter. Fig.9 shows the electromagnetic shielding of the SHC/EPDM under the low frequency conditions. In this figure Measuring site Fig.4 Measuring sites for volume resistivity degree of the SE is increase with increasing the content of the SHC particle, and exceeds 30 dB under 50-100 MHz in the test piece with 400 mass%. In addition, the shield effect is still high even in the test piece with 200 mass%. The shielding effect was considered to be contributed by the reflecting effect on the test piece surface. Fig.10 shows the electromagnetic absorption of the SHC/EPDM under the high frequency conditions. In this figure, the light solid line, light dashed doted line, dark solid line, light broken line, and dark broken line are the measured results of reflectivity for the amount of SHC particle with 100, 150, 200, 300, and 400 mass%, respectively. The peak absorption values and the absorption frequency are changed with amount of the filler content. The degree of the electromagnetic absorption (RD) exceeds -18dB under 7.5-8GHz in the test piece with 150 mass%. The peak of the RD shifts to the low frequency area with increase of the additive rate, and the attenuation decreases.
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As mentioned above, the large amount of SHC particle is able to mix with EPDM rubber. The manufacturing cost is another important factor for the industrial application. The soy hull is an agricultural by-product and the cost is lower than the ordinary fillers. The soy hull is able to use as a natural-origin material to the industrial filler.
CONCLUSION
The electromagnetic shielding were investigated for the rubber composite materials with the SHC particle. The summary of the obtained results was described as follows.
The resistivity of the SHC/EPDM is controllable by adjusting the particle size and additive rate. (2) 
